Background. Data supporting the efficacy of condoms against human papillomavirus (HPV) infection in males are limited. Therefore, we examined the effect of consistent condom use on genital HPV acquisition and duration of infection.
Human papillomavirus (HPV) infection is the most common sexually transmitted infection (STI) worldwide [1] . Approximately 50% of men [2, 3] and 40% of women [4] in the United States are infected with HPV at any given time. HPV transmission occurs via skinto-skin contact, usually during sexual intercourse, and is often transmitted unknowingly, because most infections are asymptomatic. HPV infection can lead to benign disease, including anogenital warts [5] , or to malignant cancers of the cervix, vagina, vulva, anal canal, penis, and oropharynx [6] . At present, prophylactic vaccination is the only proven and available method of primary HPV prevention; however, the vaccine is only routinely available for those younger than 26 years, and vaccine dissemination rates in the United States remain low [7, 8] . Therefore, effective methods are still needed to prevent HPV infection and reduce HPV transmission among men and women.
Male condoms offer substantial protection against acquisition of many STIs [9] , including human immunodeficiency virus infection, gonorrhea, chlamydial infection, herpes simplex virus type 2 infection, and syphilis. However, data on the efficacy of condoms in preventing HPV acquisition are limited. Consistent condom use has been associated with a decreased likelihood of HPV acquisition among young women [10] ; however, data among men are sparse [9, 11] . Some cross-sectional studies have demonstrated protective associations between condom use and prevalence of genital HPV infection [12] [13] [14] [15] . Only 2 prospective studies of condom efficacy have been conducted in men, and the studies were restricted by small sample sizes and short follow-up times; however, their results suggest that condom use may reduce the risk of acquiring genital HPV infections [16] and may promote the regression of HPV-related lesions [17] . To our knowledge, no study has had sufficient power to examine the efficacy of condom use in reducing HPV acquisition and decreasing HPV infection duration in men or the ability to detect differences in condom efficacy across sexual behavior risk groups or sex partner types.
Using data from a large cohort of sexually active men, we assess whether consistent condom use reduces the risk of acquiring new genital HPV infections or decreases the duration of HPV infections. The association between condom use and genital HPV infection was further evaluated according to sexual risk behaviors and partnerships.
METHODS

Study Design and Population
A prospective analysis was conducted within the HPV Infection in Men (HIM) Study, an ongoing cohort study of the natural history of HPV infections among healthy men in the United States (Tampa), Brazil (São Paulo), and Mexico (Cuernavaca). The HIM Study cohort consists of 4032 men aged 18-70 years recruited between 2005 and 2009. Men were eligible if they had no prior diagnosis of penile/anal cancer, genital warts, or human immunodeficiency virus infection. Participants were enrolled upon completion of their first follow-up visit (2 weeks after baseline). Additional follow-up visits occurred every 6 months thereafter for up to 4 years. Details of the HIM Study are published elsewhere [2, 3] .
Participants were included in this analysis if they reported recent sexual intercourse with female partners (3-6 months prior to baseline visit), responded to questions on condom use, and had valid HPV genotyping results. The analytic cohort included 3323 men (Figure 1 ). Participants provided written informed consent, and procedures were approved by the following human-subjects-research committees: University of South Florida, Ludwig Institute for Cancer Research, Centro de Referência e Tratamento de Doencas Sexualmente Transmissiveis e AIDS, and Instituto Nacional de Salud Pública de México.
Measures
At each visit, participants completed a confidential questionnaire about risk factors via computer-assisted self-interview.
Questions were asked about sociodemographic characteristics, sexual behaviors, sex partnerships, and condom use.
Sexual Risk Behaviors and Partnerships
Participants were asked whether they had a steady sex partner over the last 6 months and were classified into 3 mutually exclusive risk groups on the basis of their sexual risk behaviors and sex partnerships (Figure 1 ). Men were defined as "monogamous" if they reported having sex with only 1 steady sex partner and as "nonmonogamous" if they reported having sex with both a steady sex partner and someone other than their steady sex partner. Men were defined as having "no steady sex partner" if they reported having no steady sex partners during this time.
Condom Use
Monogamous men were asked how often they used condoms during sex with their steady sex partner, and nonmonogamous men were asked how often they used condoms during sex with their steady and nonsteady sex partners, separately. Men with no steady sex partner were asked how often they used condoms during sex. For each measure of condom use, frequency was categorized according to whether condoms were used always, more than half the time, half the time, less than half the time, or never.
Specimen Collection and Testing
Participants underwent a clinical examination at each visit. By use of prewetted Dacron swabs, genital specimens were collected from the penile head, penile shaft, and scrotum [3] . These specimens were combined into 1 sample per participant and archived. Specimens underwent DNA extraction (Qiagen Media Kit), polymerase chain reaction analysis, and HPV genotyping (Roche Linear Array) [18] . If samples tested positive for β globin or an HPV genotype, they were considered adequate and included in the analysis. The genotyping assay tested for 37 HPV types, classified as oncogenic (HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , and 68) [19] 
Statistical Analysis
Baseline condom use frequency was recategorized as always, sometimes, or never; more than half the time, half the time, and less than half the time were combined to create the middle category. Genotype-specific HPV infections were reported individually and in groups (any, oncogenic, nononcogenic, and vaccine types). The classification of any HPV type was defined as a positive test result for at least 1 of 37 HPV genotypes. HPV infections with single or multiple oncogenic types were classified as oncogenic. Similarly, HPV infections with at least 1 nononcogenic HPV type were classified as nononcogenic. Vaccine types included those that are in the quadrivalent HPV vaccine (ie, HPV types 6, 11, 16, and 18).
To assess the circumstances under which condom use might impact HPV acquisition and clearance, all analyses were stratified according to men's sexual risk behaviors and sex partnerships (ie, risk group). Participant characteristics were compared across risk groups, using the Monte Carlo estimation of exact Pearson χ 2 tests. For analyses of the incidence of HPV infection, only the first acquired genotype-specific infection was considered, and only men who tested negative for any or typespecific HPV infection at baseline were included. Cumulative risk of acquisition was estimated using the Kaplan-Meier method, with log-rank tests used to identify differences across condom use groups. The 12-month incidence of HPV infection was also estimated using the Kaplan-Meier method. Independent associations between condom use and incidence of HPV infection were assessed with Cox proportional hazards regression. Univariate models were run for all variables listed in Table 1 , except for ethnicity, to identify potential covariates to be included in multivariate models. Backward selection methods were used to assist in variable selection. Final multivariate models included design factors (age and country), factors that were statistically significant in univariate models, and factors that were considered to be relevant on the basis of the literature. Men with prevalent or incident HPV infections were included in HPV clearance analyses. Clearance was defined as 2 consecutive negative test results following a positive test result, excluding infections detected for the first time at a participant's final visit. Because of limited numbers of type-specific infections, clearance estimates are reported for grouped infections only (ie, oncogenic HPV types). Since men could have been infected with multiple HPV types within a defined group (eg, HPV-16 and HPV-18 are both oncogenic), we adjusted for within-subject correlation in all grouped HPV clearance analyses. The median time to HPV clearance was estimated among all men with an incident infection, using the clustered KaplanMeier method [20] . Men whose infections did not clear were censored in the Kaplan-Meier analysis. To model the associations between condom use and grouped HPV clearance, we employed Cox proportional hazards regression with the robust covariance matrix estimator [21] . To identify variables included in the final multivariate models of HPV clearance, we applied the same variable selection strategy as described for the incidence of HPV infection. In addition, we observed that baseline HPV status (ie, prevalent or incident HPV infection) had a significant impact on HPV clearance estimates, so this factor was included in multivariate models of HPV clearance.
All analyses were performed using SAS, version 9.3 (SAS Institute, Cary, NC). All statistical tests were 2-sided and attained significance at an α level of 0.05. Table 2 ). The 12-month incidence of infection with any HPV type was higher among nonmonogamous men (53.8%) than among men with no steady sex partner (40.8%) or monogamous men (34.6%; log-rank P < .001). Among men with no steady sex partner, those who always used condoms had the lowest risk of acquiring any HPV within 12 months (32.2%; 50.3% for those who sometimes used condoms, and 49.9% for those who never used condoms). No differences in the incidence of HPV infection were found across condom use groups for monogamous men. Among nonmonogamous men who had sex with their steady partner, the incidence of nononcogenic HPV (37.7%) was lowest for men who always used condoms (sometimes [51.9%] and never [41.6%]) with a steady sex partner. Nonmonogamous men who only sometimes used condoms with their nonsteady sex partners had the highest risk of acquiring nononcogenic HPV (59.3%) and HPV-18 (8.6%) infections. Differences in cumulative incidences of any HPV infection were noted by condom use among men with no steady sex partner (Figure 2A) .
The median time to HPV clearance was shorter among monogamous men (6.6 months) than men with no steady sex partner (7.2 months) or nonmonogamous men (7.6 months; log-rank P = .008) ( Table 3) . No significant differences in infection duration were observed across condom use groups for men with no steady sex partner or monogamous men. Among nonmonogamous men, those who always used condoms with their steady sex partner experienced the shortest duration of any (6.3 months) and nononcogenic (6.2 months) HPV infection. Similarly, among nonmonogamous men who had sex with their nonsteady sex partners, the median time to clearance of oncogenic HPV infection (6.4 months) was shorter among those who always used condoms. Differences in cumulative probabilities of maintaining an incident HPV infection were noted by condom use among nonmonogamous men ( Figure 2B) .
In multivariate models, condom use was significantly associated with a decreased probability of acquiring any HPV infection among men with no steady sex partner ( Table 4 Among monogamous men and men with no steady sex partner, condom use did not appear to affect the probability of clearing HPV infections (Table 4) . However, among nonmonogamous men, condom use with a nonsteady sex partner was significantly associated with an increased probability of clearing an oncogenic HPV infection. The probability of clearing an oncogenic HPV infection was 30% higher among nonmonogamous men who always used condoms with nonsteady sex partners, compared with men who never used condoms (HR, 1.29; 95% CI, 1.03-1.61), after adjustment for country, age, race, education duration, marital status, smoking status, alcohol intake, and number of recent sex partners.
DISCUSSION
The results of our prospective study suggest that consistent condom use may reduce the risk of acquiring new HPV infections and decrease the duration of these infections among nonmonogamous men and men with no steady sex partner (ie, high-risk men). Consistent condom use significantly decreased the probability of acquiring an HPV infection among men with no steady sex partner and, among nonmonogamous men, significantly decreased the duration of oncogenic HPV infections. We were unable to detect consistent protective effects of condom use among monogamous men. The partial protection offered by condom use was only observed for high-risk men and against some, but not all, grouped HPV types. Our results are comparable to those of previous studies, although differences in methods (eg, condom assessment and risk-group stratification) make direct comparisons difficult. We observed that consistent condom use reduces the risk of HPV infections among men with no steady sex partner, similar to the only other prospective evaluation of condom use and HPV infection in men [16] . Kjaer et al found consistent/occasional condom use to significantly reduce HPV acquisition in young Danish soldiers but did not observe an association with HPV persistence. The latter result is in contrast to our finding of a shorter duration of infection, particularly among nonmonogamous men who consistently use condoms. These discrepant results for HPV persistence are likely due to differences in sample size and length of follow-up. In the HIM Study, 3323 men were followed for a median of 17 months, providing us the opportunity to more precisely estimate infection duration and the impact of condom use.
Cross-sectional studies have reported similar associations between increased condom use and decreased prevalence of HPV infection in men [12] [13] [14] [15] . In a previous analysis of men in the HIM Study, condom use was associated with a lower prevalence of HPV infection [15] . In a separate study conducted in Tucson, Arizona, and Tampa, Florida, always using condoms was strongly associated with lower odds of HPV detection, particularly among men with multiple sex partners [14] . Similarly, among an ethnically diverse group of men attending an STI clinic in Tucson, Arizona, consistent condom use during the preceding 3 months was associated with decreased prevalence of any and oncogenic HPV infections [12] . However, it must be noted that these studies were cross-sectional by design and were therefore unable to detect temporal associations.
Our findings are also in agreement with those of other investigators who demonstrated effects of condom use on acquisition and regression of HPV-related genital lesions. In a case-control study conducted within an Australian sexual health center, consistent condom use was found to significantly reduce the risk of acquiring genital warts [22] . A separate prospective analysis of HIM Study data showed that consistent condom use remained associated with a decreased risk of condyloma after adjustment for HPV-6/11 positivity [23] . In a randomized clinical trial in the Netherlands, the median time to clinical regression of flat penile lesions in male sex partners of women with cervical precancerous lesions was found to be substantially shorter among condom users, compared with non-condom users (7.4 vs 13.9 months) [17] . Later, the same investigators found that the beneficial effect of condoms occurred only in concordant couples with the same HPV types, suggesting that condom use prevents reinfection by blocking HPV transmission during intercourse [24] . Condoms are presumed to be less protective against HPV because the virus is transmitted via skin-to-skin contact and condoms do not cover all male genital skin. When properly used, condoms cover the penile head and much of the shaft but not the base of the penis and scrotum. It is clear that HPV infections occur at uncovered sites, such as the scrotum [25] . Since penile specimens in this study were collected from 3 anatomic sites, including the scrotum, and combined for HPV testing, we were unable to evaluate whether condoms protected specifically against infection at the penile head or shaft. Therefore, the protective effect of condoms may have been attenuated by HPV transmission at uncovered sites.
Measurement of the frequency of condom use is complex and susceptible to error [26, 27] . Most observational studies rely on self-reports, as in the HIM Study; however, condom efficacy is likely underestimated because men tend to overreport condom use [27] . Even with consistent use, condom efficacy is limited by late application, early removal, slippage, and breakage, which expose the genital skin to potential HPV infection. Since our study could not account for incorrect condom use or instances of condom failure, the condom efficacy may have been underestimated [26] [27] [28] . We were also unable to exclude men who used condoms with HPV-uninfected partners, because the partners' HPV status was unknown. By including men with no exposure to HPV, condom efficacy may have been further underestimated [26] . Future prospective studies involving men and their sex partners should incorporate qualitative and quantitative methods to more accurately assess condom use and skills. With electronic daily diaries of sexual behavior, for example, researchers can calculate the proportion of condom-protected sexual events and account for instances of condom error/failure [27] . Last, we acknowledge that condom use behaviors among men may change over time, which may have led to exposure misclassification throughout the follow-up period; however, we deliberately chose to measure condom use at baseline because it provided a more straightforward analysis and interpretation.
To our knowledge, this is the largest, most comprehensive prospective study conducted to date of the efficacy of condom use on HPV prevalence, incidence, and clearance in adult men. Computer-assisted self-interviews were chosen to minimize bias frequently associated with asking highly sensitive questions. Furthermore, the survey instrument was specifically designed to improve precision in addressing the relationship between sexual behavior and condom use. All questions referred to behaviors in the last 3 or 6 months, minimizing the potential for recall bias, and to sex act-and partner-specific condom use, unlike previous research, which used broad measures of condom use [29] . Last, analyzing condom use on the basis of the participants' HPV risk potential (ie, risk group) allowed us to better understand which groups of men benefit most from condom use. Prophylactic HPV vaccination offers the most effective protection against HPV; however, the vaccine is only routinely available to those aged ≤26 years. Furthermore, the vaccine does not protect against all disease-causing HPV types. Consistent condom use, on the other hand, is a cost-effective riskreduction strategy that may provide protection against HPV types not included in the vaccine and offers substantial protection against other STIs. Population-based vaccination combined with condom use promotion will be the optimal method to prevent HPV infection, reduce HPV transmission, and decrease the burden of HPV-related diseases among men and women.
In summary, our data have shown that consistent condom use appears to offer protection against HPV in men. Specifically, condom use reduces the risk of acquiring new HPV infections and decreases the duration of HPV infections among high-risk men. Nonmonogamous men and men with no steady sex partner received a greater benefit from consistent condom use than monogamous men. Correct and consistent condom use protects against other STIs and should be promoted as an STI risk-reduction strategy. HPV prevention efforts should focus on both condom use promotion and HPV vaccination.
Notes
